large number of tiny 'planetesimal' objects 2 . These objects are the residual debris from the planetary formation process and were swept off to the edge of the Solar System by the gravity of the giant planets. Since 1992, searches for slow-moving faint objects have revealed more than 50,000 planetoids, which are generally hundreds of kilometres across, orbiting beyond Neptune 3 . But despite theoretical models suggesting their existence, there had been no conclusive evidence for the presence of smaller bodies. Chang et al. 1 change that. Their observations indicate that the trans-neptunian debris field in fact contains many more small planetesimals of between 10 and 100 metres across than theorists had predicted. The authors infer this from random, rapid dips in the intensity of Scorpius X-1, the brightest source of X-ray light in the sky, which was monitored by NASA's Rossi X-ray Timing Explorer over a long period. Such dips can be caused by the passage of a dark object in the Solar System across the background source as viewed from Earth, a process known as occultation. An object 100 metres across at the edge of the Solar System could cause an occultation of a few milliseconds' duration. Such a small object so far away cannot be directly viewed with even the largest telescopes, as the amount of sunlight that it reflects back to Earth is minuscule.
The use of stellar occultations to reveal unknown facets of our Solar System is not new. Uranus's rings were discovered in this way, as was a host of details about the atmospheres of other planets and their satellites 4 . The idea of using occultations to search for small bodies in the outer Solar System has been around since 1976 (ref. 5). But in practice, most detectors that are used for astronomical observations at optical wavelengths cannot record changes at the sub-second time intervals required for this particular hunt.
Chang and colleagues' inspiration was to realize that detectors counting X-ray photons record light at shorter, millisecond timescales. So instead of looking at distant optical light coming from stars, they used an existing longduration observation of Scorpius X-1, which lies close to the ecliptic plane in which Earth's orbit around the Sun lies. Based on the number of rapid dips in brightness on timescales of up to 10 milliseconds, and assuming that the
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Sifting through the debris
Asantha Cooray
A quadrillion previously unnoticed small bodies beyond Neptune have been spotted as they dimmed X-rays from a distant source. Models of the dynamics of debris in the Solar System's suburbs must now be reworked.
Until the time of Galileo, the Solar System was believed to consist of the Sun, the Moon and the six inner planets -including Earth -as far out as Saturn. Since then, we have added other gas giant planets (Neptune and Uranus), moons of other planets, the asteroid belt and, in 1930, Pluto. On page 660 of this issue, Chang and colleagues 1 present observational estimates of the make-up of the Solar System's most distant components -the transneptunian objects. Their results call for a rethink of models of how these bodies formed.
It was in 1943 that Kenneth Edgeworth suggested the outer Solar System might contain a Before Chang and colleagues' results 1 , we knew only of the existence of planetoids with sizes greater than a few tens of kilometres in the outer Solar System. These objects were found by the world's largest telescopes looking for faint sources moving slowly relative to the fixed stars. The number of bodies with sizes greater than about 100 kilometres is now estimated to be about 50,000 (regions marked in green and blue).
Chang and colleagues' X-ray occultation technique allows them, for the first time, to see smaller objects. They estimate the total number of small objects of between 10 and 100 metres in size to be around 10 15 (grey region). That is roughly 1,000 to 100,000 times more than computer models indicate for those sizes (black and red dotted lines) 6 .
These computer calculations involve two physical processes. At early times, small bodies coagulate to form larger ones; and as the system evolves, fast-moving, smaller bodies collide with slower, larger ones. Neptune, acting as a gravitational stirrer, interacts with these small bodies and was primarily responsible for increasing their speed during its outward migration early in the Solar System's history.
The system of trans-neptunian objects is still evolving today, with collisions slowly grinding small objects to dust. To explain the discrepancy between the computer models and Chang and colleagues' results, models might need to be invoked in which the small bodies move more slowly than the larger ones to avoid frequent collisions. Another possible solution is to extend the region of small bodies to significantly farther beyond Pluto, as the observed dips in occultation are not precise enough to establish the distance of each planetesimal independently of its size.
A.C. Chang et al.
Box 1 Big ones, small ones, ones of every size
Size (km)
Number of objects Collisions many of the features associated with Huntington's disease in humans: cognitive and movement deficits, degeneration of the striatal region of the brain, increased sensitivity to excitotoxicity (the toxic effects on neurons of overactivation) and -significantly -cleavage of Htt with subsequent movement of the protein fragments into the cell nucleus. Building on evidence that Htt can be digested by caspase-3 and caspase-6, and that these cleavages might be linked to toxicity 5 , Graham et al. 2 generated YAC128 mice that express variations of the polyQ-mutant Htt in which each of the caspase target sites is disrupted by an amino-acid substitution. This yielded mice expressing Htt with the disease-causing polyQ expansion but resistant to cleavage by caspase-6 (which has one possible cleavage site) or caspase-3 (two possible cleavage sites). Mice that entirely lack Htt die before birth, but expression of the caspase-resistant versions of mutant Htt allowed the animals to survive. So, a crucial biological function of Htt, and by inference the overall conformation of Htt, was not altered by the caspase-resistant mutations.
The major finding by Graham et al. 2 was that, in contrast to mice expressing YAC128 Htt or the two forms of caspase-3-resistant Htt, mice expressing caspase-6-resistant Htt failed to develop any Huntington's-like symptoms. In particular, these mice showed no signs of abnormal motor function, neurodegeneration, movement of Htt to the nucleus of striatal cells, or enhanced excitotoxicity.
Galvan et al. 1 and Graham et al. 2 demonstrate that, in APP and Htt, specific aspartate residues that are the targets of caspases have central roles in the development of Alzheimer's and Huntington's disease, respectively. Caspases are increasingly being linked to a wide variety of biological processes, but they are best known for being active during programmed cell death. This activation is linked to the cell's response to stress. If the occulting bodies are about as distant as Pluto, the authors estimate that the total number of bodies of between 10 and 100 metres across in the outer Solar System is more than 10 15 -a quadrillion (Box 1).
That number suggests that there is a 20metre-sized planetesimal in every sphere of 100,000 kilometres' radius in the outer Solar System. Astronomically speaking, that is extreme overpopulation. The debris field resembles a crowded dance floor where, inevitably, frequent collisions occur. These collisions break up the bodies, grinding them down to smaller objects and eventually to dust particles. Through the interplay of solar radiation pressure and gravitational forces, these particles are slowly removed from the outer Solar System, with some drifting out into space and others spiralling into the Sun. Computer models indicate that there should currently be between a billion (10 9 ) and a trillion (10 12 ) bodies of 10-100 metres in size 6 , far less than Chang and colleagues' number 1 . This discrepancy implies that collisions are less frequent than thought. As faster-moving objects collide more frequently, these small bodies are likely to be moving slowly relative to the larger planetesimals in the disk.
The occultation technique has an inherent problem: a dip does not establish the exact geometry of an event, as a small body nearby would produce a similar dip to that produced by a large object farther away. Fortunately, one can establish the distance to an occulting body independently of its size. This is done by observing the tiny modifications in the shape of a dip as the light beam from the background source diffracts over the surface of the occulting body 7 .
But despite the high X-ray luminosity of the Scorpius X-1 source, it was not bright enough to allow a study of these expected small changes. A dedicated space-based monitoring mission, optimized for precision stellar occultation measurements at millisecond time intervals, could search for diffraction patterns to establish the exact extent of the debris field 8 . Whipple, a mission currently under consideration by NASA, would be able to monitor occultations due to small bodies as far away as the hypothesized Oort cloud at the extreme edge of the Solar System.
The Taiwan-America Occultation Survey 9 currently operates four robotic optical telescopes in central Taiwan that monitor optical light from stars at 0.2-second intervals. It will soon make a census of the number of kilometre-sized bodies on the outer edges of the Solar System. The cumulative thermal 'blackbody' radiation emission from planetesimals could also soon be revealed in exquisite farinfrared images from the European Space Agency's Herschel and Planck missions, which are scheduled for launch in 2008. Meanwhile, theorists must scrutinize their models to explain the dense debris field at the fringes. The reason for its denseness may hide
NEURODEGENERATIVE DISEASE
Cut to the chase
Lisa M. Ellerby and Harry T. Orr
A family of enzymes called caspases -best known for their involvement in programmed cell death -now seems to be pivotal in the progression of two neurodegenerative diseases.
Caspases are protease enzymes that cut proteins at specific target amino-acid residues. By blocking caspase action on crucial proteins associated with Alzheimer's or Huntington's disease, respectively, Galvan et al. 1 and Graham et al. 2 show that the development of symptoms is also blocked in mouse models of the diseases. Although these studies are straightforward in concept, they are each an experimental tour de force, providing compelling in vivo evidence that caspases have a prominent role in these devastating conditions.
One of the main characteristics of Alzheimer's disease is the build-up in the brain of 'amyloid plaques' made of clumps of amyloid precursor protein (APP). The amyloid hypothesis posits that a peptide fragment of APP called Aȋ42 initiates a cascade of events that leads to full-blown Alzheimer's disease. However, APP can be cleaved by caspase at a different site, aspartate amino acid 664 (D664), releasing another toxic peptide, called APP-C31 (refs 3, 4) . That suggests that there is more to the story.
Galvan et al. 1 used a mouse model of Alzheimer's disease in which the mice express a mutant form of human APP. The authors then mutated the APP further by changing the D664 site to an alanine (D664A). They show convincingly that the mice with the D664A mutation no longer make the APP-C31 peptide. Strikingly, the mice still produce Aȋ42 and amyloid deposits, but fail to develop the pathological, physiological and behavioural deficits characteristic of Alzheimer's disease.
By contrast, Graham et al. 2 assess the role of caspases in Huntington's disease. This is an inherited disorder associated with a mutated form of huntingtin protein (Htt) that has an expanded stretch of glutamate residues (the polyQ tract). The group had previously genetically engineered a strain of mice expressing mutant Htt with an expanded polyQ tract (called YAC128 mice). These mice develop
